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CARBON FIBER AND ITS PRODUCTION 

PROBLEM TO BE SOLVED: To produce a cartx)n fiber, having a surface oxygen 
concentration and a carboxyl group concentration within respective specific ranges and 
especially excellent in adhesion to an unsaturated matrix resin by carrying out the sizing 
treatment of the carbon fiber with a specified compound. 

SOLUTION: This carbon fiber is obtained by carrying out the surface electrolytic treatment 
of a carbon fiber, then applying an unsaturated polyurethane compound or an aliphatic 
polyisocyanate compound prepared by reacting an unsaturated alcohol or an unsaturated 
carboxylic acid having >2 terminal unsaturated groups selected from vinyl group and 
(meth)acrylate group based on one molecule and a polar group selected from the group of 
amide group, imide group, urethane tx>nd, urea bond, isocyanate group and sulfo group at 
>1x10^ polar group density based on the molecular weight with a 
polyisocyanate compound in an amount of 0. 02-5% in a water solvent system to the 
carbon fiber and heat-treating the resultant carbon fiber. The prepared carbon fiber has 
0.02-0.2 surface oxygen concentration {measured according to an X-ray photoelectron 
spectroscopy [electron spectroscopy for chemical analysis (ESCA)]} and 0. 2-3. 0% 
carboxyl group concentration [measured according to a modified X ray photoelectron 
spectroscopy (a modified ESCA)]. 
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m<7)mmmmmmoxct^o. o2i,xho. 2 out. 

^®^yU;i1'^v-;b»iSJKCOOH/C*^0. 2%ia± 
^{^/^^ i(^-r-S.-l.^i:*#S5[i:-r-l. If ^JS 1 

y^t-^^x'h 6ztimmt-t^ tmm i ~ 3 to*, ^-rn 
[ it*ii 5 ] T«^**° u 1/ y-it-^'m , ^Si^it ^ 

T$) ^ t ^mm b -th m^m 1 ~ 6 ov ^-rixAH^iB^t 

[M*Ji8] ■9f^^^fz^<r)im.mmmi)K 1x10-3 
mLX'h hzt timkb -r-i. m^m 1 ~ 7 cot ^-ra^nc 

*t<0«ffiM«li«O/C3E?>'0 . 0 2UJLhO. 2 0mT, 

3. o%JiiT<o^s^«ifc. w&.mtJ¥.mT-mam}ii 
Mz^-r^it-^^^^ =jy^^L. ^dv^^x-mm-f 

1 0 ] ymmm:^-( i^y^'^hz t ^wmt 

[0001] 

mtiti^mmmi5Xt^^<7Mm.-:f}mizm-t^ . 

[00 02] 

^j:^m'^mtLxmm^tix\,^&*K mmm&comE 



timwxh h . -mzmmmmimm^m^m^ ts:^^t 
-?hV 'yi^ xmmzM txm^m^+^x'^ < . m-^m 

hKmmmmMi±^mmizmmxm< , jr^is, mmm 
it^mmmmz^L\>^fzMz. M}xmT.TMi>zt5\,^x , 
^m. ^^ti^^L'^\^<7)x\ mmmmmkizit^ 
m-^ ^ 'y y ^nx. ^ o-f ^ >•> ^"ic ji-ox 
m-mmmizm^^^H^L, wsfttt^w^jiitt^K^ 
-t^tthiz. -^hv >/ i^MzM^^mmm^hhmm 

^B:^ixX (mm. 1-27286 7-f-^ 

[0003] mmmmmm-^mmc^-? hvy^ xmm 

x^jmmtmmmmm^mm:bmwt^j:'ox\^^h. z 

[0 004] -eciT'. ^imty[^mi4^'):i^x^)vm 
$ixTv^^, ^mmm^^-th^i^^y-it^m 

(!»MK5 6-1 67 7 1 5, ^PBS63-50 573 

BS6 3-10517 ^h-, -»f -f i^V^-^iJt:;* 

•y r u yym<7)^km^mrz^h zt^zx-ox. mMmm 
izm.tifzmm^mn(>tihkim^^j:^\ 

[0005] 

m.MiiWiXumfR t^^*^'^ /ctsssiv h u -y ^ 

[0006] 

mmi:mm^hfzibc7)^m ^ticomm^mm-^^ 

( 1 ) xm^m^-^^mizx'om]^^ti^mmmm<7)m 
mwimmoycti^o . 0 2j.:i±o . 2 oar, it^m 

;P;Kdf>-;P»?ijKCOOH/C*^'0. 2%m±3. 0% 

mt^->r-( 'yy^'^ixx^j:^ztiwmt^^ mmmM. . 
[0007] ( 2 ) ^m^immi}\ ^'-ii-m. u 

J;tXp< ^ U 1^- h«*»^>^{fix;t ^>cOT' 
^)i.C:i:S:!|f^i:■r■&1ufB ( 1 ) %m<^^^. 



(3) 



nmW- 11-93078 



[0008] ( 3 ) m^mK r s vm^. s Ym 

MiB ( 1 ) tfzii { 2 ) i,ztmcommmm. 
[0009] ( 4 ) j^mT^mmmtm^^^ 1 1 

t^'J^V =yT^^- Yit-^m ^Km^ LJ6/i^«aW't° U 

( 3 ) «i'vm*Hcia«j«7)^s«iSit, 

[0010] ( 5 ) ^i&«-t' u ^ y , ^« 

ifi (4 ) fciBigco^s^o 

[0011] ( 6 ) ^m^mmtmi.mi: 1 1 tc^r-t 
i: ^«mt-ri.i>iid ( 1 ) ~ ( 3 ) ov^-m*Hci5««o 

[0012] ( 7 ) *ffi^«S^nSco8Sc*'\ -^=Fm K> 2 

ffliiLh-r*^^i:^^#iSfc-ri.Buie ( i ) ~ ( 6 ) coc^ 

[0013] ( 8 ) 0c0ffitt«?5JK?b^. 1 X 

1 o-^a±x'hhzt^'\mt-t?>msi ( i ) ~ (7) 

[0014] ( 9 ) Xi^3^«^^^3t^t; i OSa^§ix-i> 
^l8«|£7)«BB?3gi8JgO/C*«0. 0 2m-h0. 2 0 

VM.3. o%aT(r>stmwmiz. wtrnt^m^^mm 

t ^iki'Z^-t^it^m^^-^ i^y^^'^L. }x^-^x'mst 

[0015] (10) Tiimm^T^-^ iyyy-ti> <r t sr 

[00 16] 

±, »*L<«i0. 04m-b, $^{c»^L<{i0. 0 

$^>tc, 0. 2 0mT. liftL<{iO. 1 
5iaT. $^tc*f^L<{±0. 1 omTt-T'S.tOT*) 

I,, o/C3&^"o. 20^mx.ht, 'Jy-f^]<r>w& 

mtm.mmmM.^mt<^it^m^mm^zti:h i.(ry<^. 

[0017] *3^0fltCi3C^T . •fmgfi!|iX«a7fe«^^3t 

I,. cooH/c*Jo. 2%{cjiffv:^i^i;. f^irr-l.-^- 



$<i,tc, 3. 0%mT. W*L.<{±2. 0%VJ.Tt-th 

[00 18] zco^o^j:'mt^^-t?^mmmm^n?>fz 
^(r)mm:fTmiz-:>^^ximm-t^. ttz. ^wM^mm 
m&ii±im^i:^L. ^ f.^zj^m'^tmrntmam^ 
mz^-t^^-^^^'>r-( 'jyy^tix^^h(DX'ht. 
[0019] ^mT-$m^^ti±. f -;pa, 'J p 
- v-m. t3 J: v>< i^^'vv— hmi)^^mi>itifzijcox'$) 

5HM-^, '^v^ym-^. ^vrm^. ^y>-T^^-h 
iikx/x)V-!i-^mi)-hW,iixtz{><r>X'hi, z t 

[0020] zcr>it^mi:m^mmmmizn¥Lfzcr, 

m-^^mt^^, mmmmmmizm-it^m^^m-it 
■rtztifZXK). 3 y^ta^'-y hi&mmi,z^^ 'Jyym(r> 

m h W&^<n>Wmi,z ioTnv-^K^-'-yh W^imB. 
iiS<JO^«afD*(' J: D ^ h U -y ^'^^fflSgi: <r>Km 

[0021] ^iS^fa^a^os^tJi. M«l8iMI«ffi±co;« 

a^. — a-TS^05|^^«gW»<^)^{i2m±i:-ri.^ 

fc*<e^L<, 3lim±i:-r'S.«*»§^{:*f^LU, 
[0022] ^S»tlS®±t*)K'ft:§iXfc 

i: % ^zm'^mfTf^mmm^^m}:. coffisf^H^m 

-r ^ , S D c7)®tt»coSSc{i 1 X 1 0 - 3 ja± 
i:-r-l>^t*W*L<. 3x 1 o-H:JLhi:-r-&co*i$^, 

[0023] *^HB::iJV^-C-if>f i^Vi>^jpj{±— 

[ 0 0 2 4 ] iTt, ^^BHtCfctt-Sffittat 

)VT)v^-)v^ y\-%mij)v-^^yw.h Lxitri^ ujum. 

^f-u-ys/i/y^-T^t— -^y*:oyv^ yi^r^t-- 
hD^yi^Myv-T^t— i^'hUu-yv-'-f yi^r 
-Jy :i^—)Vii9y'J-i^/ =^T^—hm<^jk^<r> 

[ 0 0 2 5 ] #(c. ^iifP4^'j ^\y9y^^m<^^-^- 



( 4 ) #P¥ 11-93078 



;Ui/'J j/i>VUx— f ,;l^T^ i; I/- h N U U>i/>f V v-T 
iVx.-'rlV b y T ^"J 1/- h V *o y i/-f V i^TA— 

vit-^^. y u -(r u yv'"^ ^ 'J 1^- b h 'J u v'J^ y 

oyi/-Yy>-r:^— h-fb-^. ^yi^'xuxu i — )Vh 
y r u i^- h b 'J y i/'^ y v-r b-fb-^*5!i> 'o- 
^xyxy h-;uM)ri7'J h-f y^^oy^-'-f ys^ 

[ 0 0 2 6 ] Ts \^^^t^m^mmm^^-t^it^m 

tLXli, N, N-i/;^^;Ur:^"J;L'T5 h\ N. N- 
i^'^f-;l^TSyx-^;l^r:J"J 1^— N. N->'V^;l' 

N--f y^'ahvi^r^'jyurs K, n, N->>'xf- 

W«Sr •i.fL-^if^Oi: t T Ji fx 7 x y S Si/'::/ U 

i^i^vi^yr^ y h , fx y X. y—jusMi^^u i^-J 

[ 0 0 2 7 ] i?^ LV^Hf-^ Vyim<^W&.h LtJi. * 
y -y Xffilili: <7)^MtciiJiS-C'iir#:e<)(C^# ^-fL^!B!l£ 

*^ h mm^Vs y y j^T - h -fb-^itsj , ^^ri^*^ ;k y 
xf - 1^ >- ^- y 3 — 7t^ist> J: t/vjf y T)V^ V y-w^X'h 

[ 0 0 2 8 ] , 7!)>*-.g.'fb-^!t^£7)^^^M(i:, «Bi^*JS 

ig5<'«^*-'b. 3 0 0JiLli2 0 0 0J.:lT*^*i?4L<, 5 
0 0 m± 1 0 0 0 *U D *f ^ L V \ 

[ 0 0 2 9 ] ^ i^>^"^ic7)#«(i. mmmmmm^ 

&R»s*^^> . mmmmmiiiMA'^ti 00.02 %Jii± 5 
%i':iiT***F^L<. 0. 0 5%iiLt2%tti.rn^'r^(o 

[00 30] ^«ii*ttO]R0fSv^tt^. jSfJ^ig 

(^wm^^i:^^ =jyi^mizmmLxhS:^\ ^t^izm 

[0031] *^Bjc7)Ktgiiif||i7)«Stg6<,!|i,ttfc LTtiX 
hyy}^mmi}^ntL<l,i3 5 0 OMP AliLk. J: 0«F 



* L<{i4 OOMPaULh. $^>tC^*L<«i4 5 0M 
P a ISLhO t <0T-*> , 4 , ^^iii^ltiOSIStt^Ji 2 2 
0GPal,:Jl±Ai#4 t<. 2 90GPaJ.Xh*UO»4 
t*'^ Xh7yK^JS*)I.V^«i3¥tt**>''eiim, 3 5 
0 0 M P a *MS> ^ I. ^{i 2 2 2 G P a*}S<OM*i(ltcO 

[ 0 0 3 2 ] ^ iT\ *5|BfltCt3 V^T^««*ttfOX N 7 
VKStiK, Wtt*t{±, J I S-R-760 lc7)Mlii# 

hnm^-^^-( h immm) erl422 

1/37 •/-fbJh'^«^:yx^;UT5>-/r-fe hy = 1 0 
0/3/4 (M-SU) 5:fflV^-CSiJSt)^c^S. 5¥tt*^ 

[0033] <X(c*%BBco^««i$i^ff -i.:^c4^o:^ffitc 

^iz-:>\,^xi±mzniwtthtti*)X'$)^ifi. mmmn 

[0034] 3|s|^Hgc7):^r^ic«-ti:<i>iii>jiH5f^iiiiMlfc 

■rv^T;? V ji'^.mmmm^^^f}-x-i,nt r9 vji- 
mm^tmcDm^trmizt -oxiiirmmizmm-tt . 

[0035] ii^lfmt LX^t. Sit, l^it. Sgg5^^ 

m^-fj^ntLK. mz^mm^u\ w^mm^zit 

4^ y y a - h y ;l.(7);J^^4-° y -7-3^ ^ t, ^{±it«-^^ 

El. mw. imm^Lxmm^^m^tL. 
wife-fb. ^i^iz<mizf$itxm^^mm^n^ 
3, ^'fbs>i.v^{4iirtt'fb^f=^t LT, *i%0j^*siit^ 

#-i,C«^vS14#HM4'««a^(4 1 2 0 0'Cl;JLh*W 
4L<. 1 300*'CUl±*<J:'9«f4L.<. 14 00'CJ3l 

iW«aJK(7)^«ii^*^-if 4 t < . K««li<7)#*flT' 7 u 
mi;XrtWtL<. 6x<mmT*UD*f4L<. 5. 5 

m:mmmiixr/^-f i^y^^mij^^^tixmmmitKi: 
[0036] x^^m^HHfefetc i y)m'&^fi^mmm 

mmS.O/CifO. 0 21^JLh0. 2 01ilT. -fb^fitfliX 
JKCOOH/C*iO. 2%a±3. OXiilTX'^^mm 

[0037] *^B3c7):^ffitcJoV^T, ^'t±7i<^fS4', r 

O O H/C Sr^^lCtijDT'^ '?.B!tt7j<?§aS4'OmjP? 
[0038] SH4«j»Mi: LTJiTk^^K'f-C-Ktt^^t- 
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{,(r)X'htLi£x<. i^M. mm. urn. mm. n-^^ym. 
mm(^mm. mm. ^m. s^^-^k, r^u^m. 

[0039] r)Vi] 'JtSmMMi: \^XM.:fmm.^X'r)V 

')^2^. ^m\Y.^')^j^. :¥m\'cf^')^j-m<riym.\t 
ry^-r. tfzii. mm-rh*j^j^. mm^mi- 

i^v^mry^-^A, mm7mTy^~^2>.m<om 
[00401 mmmcommt lt(±. o . o i — 5 ^ ;p 

/"liimtLK. 0. 1 — l^yP/lAUDiffiLl^, 

LT{j 0— 1 0 o°ct>mt L < . s?a*u o 
[004 1 ] mMi{iM5aii^«»K<7)Mj«fajst-^;b 

^ym.) 1 0 0 ^-uy/^ ■ mxf-hm± l 

<. 1 Oi?-u>/g • 8 0^7-ny/g • 

WT*U 'OiS^tLK. 2 O^-ayy-g ■ «KLh. 6 0 

^«m»i5~l 0 0 0i?-a>'/gfc-rS<7)3&>'WiL 
<, 1 0— 5 0 0^^— o>'/gi7)|ffiffli;-r.S.O*«$ A>CC 

[0042] Lxi±. mmmmmmi^mz 

'p<^^mmmco»mm i s/s o i . sr^^r/m 
2 a±ioo or y^T/m^ mr^w* t< , 3 t>- 

L< . § hiZii 1 0S.^*»/i> 2*^«*U 0 

[0043] mMmEti^^-titOHi*^/^ 2 5 VOT*^' 
»*L<, $<blCJi0. 5~2 0V*U»)afitV->, S 



h h\^\±m.mw&hmM<r>mzmMmmi:itLxM^ 

'^hfmmm<^^^irixi:,nm^h ztt^x-^ i>*^\ mm 

»*L<, I^®;i:{i3 0 0—1 0 0 0mm. $<i>lC(i3 
5 0~9 0 0mm*i^i Lvi. 

[0044] m^mm^nr^tzm. 7j<gtfc j;t>w*-r-g. 

^<^mmmiz^^^ i. wts* , mi>zAJ\^^^^ i^ji^Mu 
m^mizx *)m^Lm\'^fzi^. x'^hmK>m\'^mmx'^ 

m-fizt mit t < . Mm'=)iziimm&^^'^ 2 5 o°c 

iiiTmit L<. $^>tc210 °COT, $ t:: 1 8 O-C 
lilTt:'|g!K-r-g.c: LV^. 

[ 0 0 4 5 ] -9--f 'yy^^KDn-^^mt Lxitmzm^ 

$ni>i>C0T1S^rV^*>\ fiJi.«"D-^$r^LT-f 'Jy 

y'm.i>zmm-ti>-:^m. v--^ 'yy^mconmLt^n-^^z 
m^^yim. yyi/m^m^izLxv^^mf^ijm 

t-. ±mm^x < -y^>^v|N$ < -t'# ^mm^mjt 
L\\ zcom. mmmmizn^^^-t -jyip^mmmfs.-i^ 
<7)immijimiEMmfHX'i^-iznm-t&j: a iz^ =j 
y^mms.. M. ^^mii^t'^ziyhvi-ji-'t^z 
t^mtL\^. ^fc. yy^mn-^mizmmmm^ 

S^feT-Jnli^ iirT t ^v \ 

[0046] ^mim.tmmmm±mn^f^^x'^tni 

mzm^L^j:\'\ 

[ 0 0 4 7 ] -t^-^f iyy^'Mizmm-tmrnii. ^ 
T-fefrsH. T-thym^j'^m^fi^ith*^. Bxa^w^ 

[0048] § h\,z^^ 'jyymimmm^^mix'm 
^=f-mi\L^^htcih. mmsymii 1 s o°cti±3 5 0 

"COTAWS L < . 2 0 orm± 3 0 OrJilWJ; 

i L< , 2 3 0''Cm±2 8 O^COTA^'$ ^i,zWt. tv\ 

jaai^sti: . j: ?. 3 0 3 0 ^ot 

tmt L<. 5 omj.± 1 5^^]ilT*>J; Oif * Lv\ -9- 

< , $ i^iz-^-f i^y7m<7)^mjLmtmmTMi:mf^ 

[0049] Mmt^j:^^hO y ^'XSI3g(±, J^yft^i^ 
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[00 50] 

Lxmmnm^m ( i lss > im^^fz. ^rts, mmm 
mmmmmm (o/o . mm:fjj\^^^^i-ji'&ms. 

(COOH/C) , aXX/l LSS{imTtfO:^tCj;0 

[005 1 ] <mmmmm^oxc > ^H^sii^o/ 

C{i. <J:cO¥WBtcta!-:.TESCAtcJ:'9*i6!^:. ^"T, 

m^mtiin&^9 0' tL, X^jgi: L-CMgKal,2 
^fflVV tft^l^-\'i'>N'-rtSr 1 X 1 O-STo r r<7)*^ 

-rCiscOit-^^O^-^x^-yl-drWiB. E. 2:2 8 
4. 6 e VtC-^i)-<irS, Cistr-^'fflWti. 2 8 2 — 2 

9 6 e V(73KHT-l£l|C0'^— y^^\<Ztl,zX^ 
^y), Oisb--i?ffla{i, 5 28 — 54 Oe VOieElT' 

msioycii^ ±taoisb°-^ffl«i:Cise-^a«co 

im t?ESCA-7 5 0^fflV\ ±E^ailI*<^®JK 
[0 0 5 2] <^ffi*;l^;11'^i^;I^S?6SCOOH/C> 

>-;i^a?^c o o H/c (i . iXco^mi/zm 

=jy^'m^j:}i-^f^i:Lfzmmmm^^ -y h Lx&^m 
<:omm^-^±i>zmfxM:^. o. 0 2^}uy \(D3^ 

-fbX:J'>'— 0. 0 0 l^:;W/l<50>''i^^'a'vdf 
5^;l^;*;l^;Ki^W 5 0.04 1 Of U =J 

y^#:&#tJ^^tftC6 0°Cr8B#ra$^>t. ^C^fftili 

5" fcLTV»>yhL, XSgjgi: LTA 1 Kal,2 S-ffl 

V\ ^Ai-^y^^-^i 1 X 1 O-gTo r r<7)*2JKtC 

i5«0±b*-:7(7)S-^x;tvUdr'-ttB. E. ^284. 6 
eVlZ^h^^. Cisb-^'a« [Cis] a. 2 8 2- 
2 9 6 e V«|ffiHT-a:l«cO'<.-;^7-f y^3\<^ t l^zX 
KiSib. Fisb-^HS [Fis] <±, 6 82-69 5e 

1 s b - ^ ^m-/}^ h RiE* r S: . 0 1 s b- ^ ^^fij*^ ^> y 

[00 5 3] ^BD;*;P'i<^i^;l^;SCOOH/C{4. 



[00 54] COOH/C = C [Fis] / { (3k [C 
is]-(2 + 13m) [Fis] ) r } D X 1 00 (%) 
^fc, k{i^Bia*OC,sb-^ffimtcM^-I.F,sb- 

■m^^ffVS SX- 100-206 ±12^811 

iff <?)S]KffliEffltt 3 . 9 1 9 T-$> -5 /t , 

[ 0 0 5 5 ] < I L s sail5g:^a>^««*(l^-:&i^tc 

(^^t}i-1^ttSUd^=^fi^R80 6) lOOas. rh^x 
y^rjyNVl/h (IS^ai«^^^%t«rj/N';bhN) 0. 5^, 

•y^'N) 1. 0SI5*^Mt:?iAL, M^Um^k. ri-X 
fiSt?^ (^?ax2 4tf#PBl) LTt:, ?|#^§12 0'C, 2B# 
PaTC-m^^CLTiS^n-^tt/^^o 2. 5mmffx6mm1@ 
x 1 6min:R$c7)-:^f^CFRPMgi>V*. 3i^c733* 
fltflS^* (JEl=-l Omm0, ^4mm<^) ^fflV^ 
T^i^X^N-V^l 4mmtCfSSt, Majg2. Omm/ 
m i nX'I LSS$:iS^L/c. 
[0056] 

[005 7] {mmi) r9'ju—v'j)v {An) 9 

d, :7^5^>'hScl 20 0 0c7)ri7U;P^*8*iSr# 
fz. n^^tifzWrn.^ 2 4 0—2 8 0'C<r>^fSA*X\ M 

mi. 05 x-im L . m^-fmrnizmm l . ^ts 

«#Hm4'3 0 0 — 9 0 0"CO?SJSM«T'C0#aaje$r 

2oo'cy^ti-io%(Dmw^n^'otzm^ 1300 

•C*-cmJ^ L/v:. ^'bnfc^iKiffiiOSWti 0.800 
g/m, itaJil. SOfft-jTt^ 
[0 0 58]iiJK0. 1 ^yl-/ 1 <7)eiEl?*^?SSr«M?a 
i:tT. «^5^-a>'/gt:'Xn®t5t. CKOSfiSM 
a^]l6$^x/i«*^2:ig!V^T7j<SfeL. 1 5 O-COjpiJi 
^^'i>xnBtfz. 

[ 0 0 5 9 ] MV^T, ffiliMfiit:^-*^" 2«*%ic=5r^ ct 0 
ytJ-kUy'J:<i?:!'VU~h-^^'>)-}(^lyyi^^V>'T 
Ht-^m (**tt-fl:^»U A lOlH) Srr-fehy 

mtm^z^^ i^y^mi-^L. 230-^ 6 0S'<t-i2 

«f*, 2 3 or, 1 2 0'Cf^i3!ra2r^f^-5^^. 

1. l%-C'S)-:>it. 

[ 0 0 6 0 ] .r C7) J: d C LT ^>ix/::^#gli*t{±X h y 
yK5^S?5. 20GPa, Wt4*240GPa, Si/ 

C = 0. O5-C'*)0, ^ffliS«?SJSO/C , ^H^yl^.-K 
^i^;i^*ill«cooH/c. ii^sscom^^Mimi 
dzjjkLfz. 

[006 1 ] {mmm2, 3) i^yy^\^^y^:r. 
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r h ( mt^^t^mu a 3 o 6 h > . yx v 

h-fb^ft (it^a-ft^S^AH 6 0 0 ) CC-efL^n^ 

[006 2] mmm4 ) ^ 'jy^'m^^^mm^^ 

vi^A y j^r^— h-fb-^itiD ( ft^a-fb^MAT - 6 0 
0 ) \.z^^\^i-zwv\mim\ 1 1 iHi«t'5aiit , #«» 
ti 1 . 2 %ainmmmi%fz . 1 tc* l/^ , 

[0 0 6 3] (itWJl ) -9-^i^>2?'IiJfc LTffittS^r 



[0064] {imm2) if-f >'yy^\in^L^\,^]:j 
wmmmitmmizmmL. mmwm^nti, i ls 

S{i7 6MPaT-$)-?/i, 

[0065] (IIM^J5, 6)««i&10. 40^- 

mmmi^nrz. nmmii^ti^tii. 2%, 1. 3% 
[0066] ( mmi 7 ) nmmmkcmmcm.^ 2 5 

O-Cfc^L/cmMi, HSfi^iJl hwmzmm'L^ 
41.1 %c7)^s«git . m^^m. 1 tc^ L^c . 
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1. 2%. 1. 2%. 1. IXX'h-yfz. m^^m2iz 
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mmi. 2%. 0. 9%. 1. 3%rs.-5>t, 
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[0070] 



0 , yfmi-7 ho-yi^^t (r>mmmzmfifzmmwmii 
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[*ii«iEi] 
m^EMmmm^] mmm 
iniEMmRs^] !ttftit*<7)isH 

«i«o«wKS«jgo/c*io. o2m±o. 2omT, 
mm^ji'^^^ i^ji^Ammc o o Hyct^ o . 2 

mm. 

m^me] T^^^^v^uiS'y-it^tiK mimm 
m±x'm-^^ Li6 i^tix^h z t iimb-t&m^ms . 

mt^h tmrn 1 - 4 ^ V ^-irixMztm<nmMmm. . 
xhh:it fc -t^mim 1 ~ 7<r)\i^-ffiMz%m 
mm9 ] ^=fw^tz^commmm.i)K 1x10-3 

IjLhTS) ^dfc^mtt--!. if 1 ~ 8 ^-r^T.*H3 

[w«iii 0 ] y^m.itm^Mm^z];:y)m'&^tihmM 
mtcr>mMmm^fS.o/ct/io . o2m±o. 2oti 

m<r)^mA)VTr^^ cooh/c^^o. 2 
±3.0 %WTto^miisiii(c , m'&.mt ^mmmmb 
imz^-fhit-^mi-^^ =jyy'm^L. i^v^TMs 



[ffliEM^»««] mmm 

[WIW^IIS^] 0 0 09 

[ 0 0 0 9 ] _ ( 4 ) ^M^n.t." U I- V-ft-^iftg^i. ^« 

15 ( 1 ) ~ ( 3 ) ov^-m*H=femio^iSi*t. _ 
[ffiiE*r«]sa*3 0010 

[0010] ( 6 ) :^-ma^^^)^\y'$'yi\L^^^K mM 

mmmixm.-^^ hubhixx-^jihzb^mwLb^hm 

IB ( 5) (-I5«<7)^lit, 
[«iEM«iia*] 00 11 

[0011] ( 7 ) ^t^^-mrnhmm^ thi,z^-t 
t^mwit-fhmi ( 1 ) ~ ( 4 ) cDv^mA>(ciBti5to 

[*MMIE5] 

[WiB^^iIg^] 0 0 12 

[0012] ( 8 ) ^m^tmm<^mK -^i-^s 0 2 
fflJiiLhr-ftSitSrWMt-rsHuia ( 1 ) ~ ( 7) cov^ 

[^MfflIE6] 

[«iE*t^«a«,] Bj*ffl» 
0 0 13 

[ffilE:^^] 
[«iEi*i^] 

[0013] ( 9 ) ^TA^tz 0 £?3«i1±»?gJS3&^\ 1 X 

1 o-miX'hhzt^W'&t'tmii^ ( 1 ) ^ (8.) 
^-fKMztm<^mmmt, 

[^MffliET] 

[ifiE*t^i^^] mmm 
{mmmm^'i ooi4 
[MiE:^^] 

[«jEI*I§] 

[00 14] (.1 0) xM^Km-^^w^&t^iOfflissix 

€.MS«6HIO|gIB^JtJKO/C*<0. 0 2J,Xh0. 2 
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mwm<omm:^/\^:if^^ i^fi-mm^c o o h/c a< o . 2 
%a± 3 . 0 %vj.Tco^mm^z . t ^ss^mw 

m^EM^mm.^] mmm 

[n^EMmMB^] 00 15 

[0015] (.11) yiimm^T^-( v>^'^-g. <r h 2: 

#mi:^i.B5iB (.10) imcommwmcommyjm. 
imiEMm.mmi,'! mmm 

ln^EMmMB^] 0 04 1 

[004 1] m%miiimmm.mmmcomm.iMLmi,z^h 
mmm.<^u^mt3 - loooi^-ny/gt-r-i. 

cO*W4t<, S-SOO^'-oy/gcoiEHt-f-SO 

[#M«iE10] 

[«IE^^iIB^] 0 0 56 
[«jE:^ffi] 

[00 56] liiT. mmwA-^i^ o^^Hj^ § ^>t::Sr*et) 



[*^«iEl 1 ] 

[«!£«*»««.] 
[MiEM«iMg=&] 0 0 59 
[«lE:^rffi] 
[WiEl*!^] 

[0059] ^V^T. Wm.'^if2m.m%\,Zti:hX.^\<Z 

b-fb-^if^ (^^^frfb^MUA 1 0 1 H ) ^r^vy 

*«»c-»f-f i^y^-^iJ^^-^L. 2 3 0-C. 6 0#T'I2 

2 3 0-C, . 1 2 0.»'lKy?!iiM$:fl^-?;t:, 
1. l^T-fco/c. 
[#M«iEl 2] 
[«IE«*»a=g,] HflW 
[MjEM^iaa^] 0 0 60 
[«iE:6«] ^ 
[MIEi*I§] 

[0060] ^cOJ; d t-C#ii.^i./c^«lilt«iX b =7 
i^H^JK5. 20GPa. 5¥tt*240GPaT'S>'9. 
*ffii§3gitJK O/C , mMf])VT^^^i^)VWm^OOOW 
/C . I L S S ^oaiJSM«$ra 1 L/C. 

[#iEMjEl 3] 

[MiE**«««^] H««i» 

[«iEM*3lg^] 0 06 7 

[MiE*j£] 

[MlEl*!^] 

[0067] 

[|S1 ] 
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18 0'c. i5o°c, 8o°ct^MtfzmHi, mmM 
1 tmmizamL. mmmi^ntz. Hmmi^ix^ti 

1. 2%. 1. 2%. 1. l%-Cfe-:.fc, ^mSr^2tC 
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{m^mi i~i 3) -r-f >>>^-?f>jeh'x7xy-;i^s 
y ( H*Wa«TE 2 0 0 0) tc-ea-Pix^SL^tlJJli'h 



^ix^ixl. 2%. 0. 9%, 1. 3%T$>-5/>;, 
^«3tcS^L3t, 
[¥^fflIE 1 5 ] 
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[ffijEM«3Sa^] 0 0 69 
[0069] 



CO 

m 



CD 



K- 



•IK 



mm. 



-to 



O 
\ 
O 



53( 



m 



LA 



3$ 
Si 



9 



.(HMCT 1 4 ) 2?-^ i^'>7^J|g«lf*. 3 Oi&MaLfc. 
til. 0%T\ I LSS{±8 3MPaT'$)-?/S, . 



